CLAIMS 

What is claimed is : / 

\ 1 . A method for making a metallization structure for a semiconductor device, 

comprising: 

forming a substantially planar first dielectric layer on/a substrate; 
forming at least one metal layer over the first dielectric layer; 
forming a conducting layer over the metal layer; 
forming a second dielectric layer over the conducting layer 

removing aligned portions of the second dielect/c layer, conducting layer, and metal layer to 

form a multi-layer structure; and 
forming metal spacers on sidewalls of the multi-layer structure. 

2. The method of claim 1, ^herein forming the first dielectric layer comprises 
forming a silicon oxide or BPSG layer 

3. The method of claim2, further including forming the at least one metal layer of 
Ti, Ta, W, Co or Mo or an alloy L a compound of any thereof, including TaN or TiN. 

4. The method o/claim 3, further including forming a second metal layer between 
the first metal layer and the/substrate and comprising TiN, TiW, WN, or TaN. 

5 . The method of claim 1, further including forming the at least one metal layer of 
titanium or titanium nitride. 

6. The Zethod of claim 1, wherein the at least one metal layer is a single metal layer 
and further compr/ing forming the single metal layer of titanium or titanium nitride. 

7. the method of claim 1 , further comprising forming the conducting layer from the 
group comprising aluminum and copper. 
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8. The method of claim 7, further including fonning^conducting layer of an 
aluminum-copper alloy. 

9. The method of claim 1, further including/orming the metal spacers of at least one 
layer of Ti, Ta, W, Co or Mo, or alloys thereof or compounds thereof, including TaN and TiN. 

10. The method of claim 9, further inXding forming the metal spacers of titanium or 
titanium nitride. 

11. The method of claim 1 , fu/her comprising forming a dielectric layer on the 
conducting layer to have sidewalls aligned with the conductive layer sidewalls, and forming the 
metal spacers to extend along the sidewalls of the dielectric layer. 

12. The method of cla/4 1 1 , further comprising forming the dielectric layer of a low 
dielectric constant material. 

13. The method /f claim 1 2, further comprising forming the dielectric layer of a 
fluorine-doped silicon oxide. 

1 4. The method of claim 1 , further comprising forming the at least one metal layer 
and the metal spacers/of the same metal. 

1 5 . The/method of claim 1 , further comprising forming the at least one metal layer by 
vapor deposition./ 

16. The method of claim 14, further comprising forming the at least one metal layer 
by CVD, PVEVor PECVD. 
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17. The method of claim 1, further comprising formi<g/the conducting layer by vapor 
deposition. 

18. The method of claim 17, further comprisin/forming the conducting layer by 
CVD, PVDorPECVD. 

19. The method of claim 1, further com/rising forming the metal spacers by vapor 
deposition and directional etching. 

20. The method of claim 19, furthe/ comprising effecting the vapor deposition as 
CVD, PVDorPECVD. 

21. The method of claim 1 , wherein removing aligned portions of the second 
dielectric layer, conducting layer, and r/etal layer to form a multi-layer structure is effected by 
patterning and etching the second dielectric layer, the conducting layer, and the metal layer. 

22. The method of clami 1 , further comprising forming the metal spacers by forming 
a metal spacer layer over the miti-layer structure and first dielectric layer and removing portions 
thereof overlying the first andiecond dielectric layers. 

23. The methodfof claim 22, further comprising forming the metal spacer layer over 
the multi-layer structure aid first dielectric layer by a conformal deposition process. 

24. The meth/od of claim 23, wherein the portions of the metal layer over the multi- 
layer structure and first/dielectric layer are removed by etching. 

25. The n/ethod of claim 1 , further comprising: 
removing any remaking portion of the second dielectric layer and upper portions of the metal 

spacers late/ally adjacent thereto. 
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26. The method of claim 25, further comprising rem/ving any remaining portion of 
the second dielectric layer and upper portions of the metal spates by etching. 



27. A method for making a metallization structure comprising: 
forming a substrate comprising at least one metal layer on the surface thereof; 
forming a dielectric layer over at least one the metal layer; 

forming an aperture having at least one sidewall through the dielectric layer to expose a surface 

of the at least one metal layer; / 
forming a metal spacer on the at least one sidewall of the aperture; and 
forming a conductive layer in a remaining/portion of the aperture. 

28. The method of claim 27/ further comprising forming the dielectric layer of silicon 

oxide. 

29. The method of claim 27, further including forming the at least one metal layer of 
Ti, Ta, W, Co or Mo or alloy/or compounds thereof, including TaN or TiN. 

30. The metho/of claim 29, wherein the at least one metal layer comprises a first 
metal layer, and further including forming a second metal layer between the first metal layer and 
the substrate and comprising TiN, TiW, WN, or TaN. 

31. The r/ethod of claim 27, further including forming the at least one metal layer of 
titanium or titanium nitride. 

32. The method of claim 27, further comprising forming the at least one metal layer 
by vapor deposition. 



33. 



The method of claim 32, further comprising forming the at least one metal layer 
by CVD, PVqorPECVD. 
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34. The method of claim 27, further comprising forming^he conducting layer by 
vapor deposition. / 

35. The method of claim 34, further comprising forming the conducting layer by 
CVD, PVD or PECVD. / 

36. The method of claim 27, further comprising forming the at least one metal layer 
and the metal spacer of the same metal. / 

37. The method of claim 27, father comprising forming the metal spacer by vapor 
deposition and directional etching. / 

38. The method of clairci 27, further including forming the metal spacer of at least one 
layer of Ti, Ta, W, Co or Mo, oi/alloys or compounds thereof, including TaN or TiN. 

39. The method Ji claim 38, further including forming the metal spacer of titanium or 
titanium nitride. / 

40. The method of claim 27, further comprising forming at least one upper metal layer 
on the conductive layer. 

41 . THe method of claim 40, further comprising forming the at least one upper metal 
layer on the conductive layer from Ti, Ta, W, Co or Mo or alloys or compounds thereof, 
including TaN /or TiN. 

42. / The method of claim 40, further comprising forming the at least one upper metal 
layer as a plurality of upper metal layers. 



# 

43. The method of claim 40, further comprising forming th£ at least one upper metal 
layer of titanium or titanium nitride. j 

I 

44. The method of claim 40, further comprising forming the at least one upper metal 
layer by vapor deposition. 

45 . The method of claim 44, wherein the vap/r deposition is effected by C VD, PVD 
orPECVD. 

46. The method of claim 27, further comprising removing the dielectric layer and 
portions of the at least one metal layer not unde/lying the aperture. 

47. The method of claim 46, farmer comprising removing the dielectric layer by using 
a hydrofluoric acid wet etch solution or dk oxide dry etch process. 

48. The method of claim 46, further comprising removing the portions of the at least 
one metal layer by directional etching. 

^49. A method for making a metallization structure comprising: 
forming a substrate comprising at least one metal layer on the surface thereof; 
forming a dielectric layer oy4r the at least one metal layer; 

forming an aperture through the dielectric layer to expose a surface of the at least one metal 
layer; 

forming a conducting lafyer in the aperture; 

forming at least one u/per metal layer overlying the dielectric layer and the conducting layer in 
the aperture; 
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removing portions of the at least one upper metal layer overlying the/dielectric layer, removing 
the dielectric layer, and removing portions of the at least one metal layer surrounding the 
conducting layer to form a multi-layer metal structure having at least one sidewall; and 

forming a metal spacer on the at least one sidewall of the multi-layer metal structure. 

/ 

50. The method of claim 49, further comprising forming the dielectric layer of silicon 

oxide. 

51. The method of claim 49, further including forming the at least one metal layer of 
Ti, Ta, W, Co or Mo or alloys or compounds thereof, including TaN or TiN. 

52. The method of claim 5 /wherein the at least one metal layer comprises a first 
metal layer, and further including foXing a second metal layer between the first metal layer and 
the substrate and comprising TiN, 5TiW, WN, or TaN. 

53. The method of j/aim 49, further including forming the at least one metal layer of 
titanium or titanium nitride. 

54. The methoti of claim 49, further comprising forming the at least one metal layer 
by vapor deposition. 

55. The r/ethod of claim 54, further comprising forming the at least one metal layer 
by CVD, PVD orRECVD. 

56. tL method of claim 49, further comprising forming the conducting layer by 
vapor deposition. 



57. /The method of claim 56, further comprising forming the conducting layer by 
CVD, PVD dr PECVD. 
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58. The method of claim 49, further comprising forming the at least one metal layer 
and the metal spacer of the same metal. 

59. The method of claim 49, further comprising/orming the metal spacer by vapor 
deposition of a metal layer over the multi-layer metal stature and directional etching of the 
vapor-deposited metal layer. / 

60. The method of claim 49, further including forming the metal spacer of at least one 
layer of Ti, Ta, W, Co or Mo, or alloys thereof or compounds thereof, including TaN or TiN. 

61 . The method of claim 60yfurther including forming the metal spacer of titanium or 
titanium nitride. / 

62. The method of claim 49, further comprising forming the at least one upper metal 
layer on the conducting layer/om Ti, Ta, W, Co or Mo or an alloy or a compound of any 
thereof, including TaN or T/iN. 

63 The method of claim 62, further comprising forming the at least one upper metal 
layer as a plurality of/upper metal layers. 

64. Thfe method of claim 49, further comprising forming the at least one upper metal 
layer of titanium or titanium nitride. 

65 . / The method of claim 49, further comprising forming the at least one upper metal 
layer by i/apor deposition. 

/ 66. The method of claim 65, wherein the vapor deposition is effected by CVD, PVD 
or PECVD. 
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67. The method of claim 49, further comprising rempying the dielectric layer by using 
a hydrofluoric acid wet etch solution or an oxide dry etch process. 

68. The method of claim 49, further comprising removing the portions of the at least 
one metal layer by directional etching. / 

69. The method of claim 49, furthot comprising forming the conducting layer from at 
least one of aluminum and copper. / 

70. The method of claim 49, comprising forming the metal layer, metal spacer, and 
upper metal layer of the same metar 

7 1 . The method of c/aim 70, wherein the metal is Ti. 




